For the slab waveguide we used in experiments, the 220 nm thickness was chosen because it is commonly used as photonics platform. Besides, the waveguide also offers relatively strong electric field on the surface of the waveguide where the monolayer MoSe 2 lies on. Figure S1a shows the dependence of the electric field intensity of TE 0 mode for fundamental frequency on the thickness of the waveguide, the electric field is normalized to the overall integral along the z direction as shown in Figure 1a in main content.
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In the second-harmonic generation (SHG) measurements, the sample was pumped by a FemtoFiber pro IR laser, the center wavelength is around 0.8 eV, the repetition rate of the laser is 80 MHz, the measured pulse duration is around 82 fs. The measured spectrum is shown in Figure S1b , the laser has a relatively broad spectrum and it is likely the reason why we observed multiple peaks in the measured second-harmonic (SH) signal.
Simulation of SH signal distribution versus pumping polarization
As illustrated in the main text, we investigate how the SH intensity at the output grating as a function of the pump beam polarization angle ϕ, and the results are shown in Figure 4c . Here are the calculation details. The total SH intensity extracted by the output grating: Figure S1 . (a) Normalized electric field on surface of the slab waveguide varying with waveguide thickness. (b) The spectrum profile for pumping laser in our SHG measurements, a bandpass filter centered at 1550 nm with 30 nm bandwidth was used to get the spectrum.
and the portion of the SH light co-polarized with the pump laser polarization:
are proportional to the internal conversion efficiencies provided by the waveguide for each SHG interaction (η terms) and to the coupling efficiencies of the output grating for each SH guided mode (K terms). ϑ is the angle formed by the guided-mode wave vector and the armchair direction of the MoSe 2 crystal. The angle Θ = ϑ − ϑ c , where ϑ c = 30 • , indicates the azimuthal position of the sample spot illuminated by the pump laser. Given its circular shape, we assume that when the input grating is illuminated by the pump laser beam, it creates a small cone of propagating guided TE 0 modes that originates from points P1 and P2 with angular divergence ∆ϑ = 3 • . In other words, Θ varies from -1.5 • to +1.5 • for point P1, whereas for point P2 Θ varies from -26.5 • to -29.5 • (in practice, we used ϑ c of 28 • for best fit between calculation and experimental observation here considering the experimental error). The double integrals in Equations 1 and 2 represent averages across the angular range ∆ϑ and across a range of wavelengths ∆λ = 15 nm that corresponds to the pump laser bandwidth centered around the central wavelength (1550 nm). The extraction efficiencies of the output grating for the three SH guided modes, corresponding to the coefficients K in Equations 1 and 2, have been numerically retrieved with a finite-element solver (COMSOL): in particular we find that K TM 1 = 4K TE 1 and that K TM 0 = 4.48K TE 1 . Moreover, we assume that the angular shift ϑ s between the output polarizer, which is used to filter co-polarized SH light, and the input polarizer to be equal to 4 • .
